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L[ejibio HacToameii pa6oTM aBjiaeTca o6o6in,eHHe pe3yjibTaTOB CTaTbH [19] Ha 
cjiynan orpaHH^eHHoii o6jiacTH C W 1 c rjia^KOH rpaHrmeii. 

IlycTb D(Q) — npocTpaHCTBO TecT-cpyHKBiift b f2 (SecKOHenHO rjia^Kiix 
c KOMnaKTHbiM HOCHTejieivi), a D'(tt) — cooTBeTCTByiomee npocTpaHCTBO 
pacnpeflejieHHH. Mm CTaBHM cjie^yiomyio 3aflaay: ^jih KaKHx cpyHKiniii q £ D'(il) 
KoppeKTHO onpe^ejieH onepaTop —A + ql 

Mm TaK>Ke Sy^eM H3yaaTb CHjibHO ajijinriTHHecKHe onepaTopbi 

L= D a c a A x ) D ^ leflCl", (1) 

\a\,\f3\<m 

rpp KOScpcpimneHTM c a ^(x) — HenpepbiBHbie (pyHKBiiii npii \a\ = \(3\ = m, a npii 
|a| + \/3\ < 2m, — pacnpeflejieHiia. 

Bo3HHKaeT aHajiorHHHbiH Bonpoc: fljia KaKHx (pyHKiniii c a ^ G D'(Cl) 
KoppeKTHO onpe^ejieH onepaTop Bn,a,a (1)? 3,a,ecb penieHHe nocTaBjieHHbix 
3a^;an ocjiojKHaeTca TeM, mto b cjiynae Q ^ K n ^jia 3a^aHHa onepaTopa 
Hy>KHO 3a^;aBaTb KpaeBbie ycjiOBiia. CaMbie npocTbie KpaeBbie ycjiOBna b HaineH 
CHTyan,HH — ycjiOBHH ,Hnpnxjie. J^Jin ycjiOBiiii ,Hnpnxjie moxho 6e3 Tpy^a 
nojiy^HTb aHajiorn pe3yjibTaTOB o6eiix pa6oT [19], [20]. C ,a,pyrnMH KpaeBbiMH 
ycjiOBHHMH flejio oSctoht cjio>KHee. 3^ecb mm noflpo6HO pa36epeM TOJibKO cjiynafi 
onepaTopa —A + q c o6o6meHHbiMH ycjiOBHaMH HefcviaHa. 

B KOHue pa6oTbi ^Jia onepaTopoB —A + q, q e D', c ycjiOBiiaMH ^iipiixjie 
h HeHMaHa, mm H3ynaeM acHMnTOTHKy co6cTBeHHbix 3HaaeHHH h 6a3ncHbie 
CBoiicTBa coScTBeHHMx (pyHKiniii. 

*Pa6oTa no,iwep>KaHa rpaHTOM PflxSH N 01-01-00691 
tPaGoTa no/wepxaHa rpaHTOM P3><DH N 01-01-00958 
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1 3a/i,aHa /^Hpnxjie /yia onepaTopa JIanjiaca h 
CHjibHO 3JijiHnTHHecKoro onepaTopa, B03Mym,eHHbix 

CHHryjiapHblMH K03(p(pHIi;HeHTaMH 

CHanajia paccMOTpHM onepaTop —A + q h CBa>KeM c hhm KBaflparaHHyio 
(popiviy 

((-A + q)tp, tp) = (Vtp, Vtp) + (qtp, tp), 
onpe^ejieHHyio Ha TecT-cpyHKirnax tp G D(fl). OneBH^HO, (popivia (Wtp,Wtp) 

o 

^onycKaeT 3aMbiKaHHe Ha npocTpaHCTBO H 1 (Q)- IIosTOMy c Bbipa>KeHHeM — A+g 
mojkho CB33aTb onepaTop, ecjiH BbinojiHeHO HepaBeHCTBO 

\(qtp,tp)\<e\\tp\\ H i + M\\tp\\ L2 , peD, 

r^e e ^ocTaTOHHO Majio, a M = M(e). Mm flOJi>KHbi 3aMKHyTb sto HepaBeHCTBO 

o 

Ha (pyHKn,HH tp G H Ho Tor^a sto HepaBeHCTBO SKBHBajieHTHO TOMy, hto 

o 

q ecTb MyjiBTHnjiHKaTop H3 H b ,zryajibHoe npocTpaHCTBO no OTHonieHHio 
k L 2 (J1), npHneivi OTHOCHTejibHaa Hopivia SToro MyjibTHnjiHKaTopa ^ocTaTOHHO 

o 

Majia. ,I[yajibHoe k H npocTpaHCTBO o6o3HaHaeTC5i Hepe3 if _1 (f2) h ^Jia Hero 
cnpaBe^jiHBa "cTpyKTypHaa Teopeivia" (cm. [1, ra. 1.12]): 
Bchkuu aAeMenm f G H^^Q) npedcmaeuM e eude 

n 

f = J2D^ (2) 

i=i 

gcte /j G L 2 (f2), a paeencmeo noHUMaemcn e CMncjie pacnpedejienuu. Hopjua e 
H^ 1 aKeueajieHmna nopjvie 

n 

ll/l| 2 -i = irf£ll/i|| 2 , 

%=\ 

sde inf 6epemcH no eceM fi, 3jih Komopux cnpaeedAueo npedcmaejienue (2). 

o 

,Hajiee, npocTpaHCTBa H s (f2) npn < s < 1 mojkho onpe^ejiHTb c noMombio 

o o 

HHTepnojiainiH H s (f2) = [H 1 (^l), L 2 (^l)} s , h 3aTeM nojio>KHTb H~ S (Q) = 

o 

(if s (£l))' . BnponeM, cymecTByiOT h flpyrne cnocoSbi onpeflejieHna npocTpaHCTB 

o 

H s (fi) h H~ S (Q) npn < s < 1, a TaK>Ke npn Bcex s G R. C hhmh mojkho 

03HaKOMHTbca b CTaTbax XepivtaH^epa [2], BojieBHna h IlaHeaxa [3]. ^[pyrne 

onpe^ejieHna SKBHBajieHTHbi yKa3aHHOMy npn s ^ ±1/2 (b o6meM cjiynae npn 
s ^ k + 1/2, k G Z). 

o 

CorjiacHO Teopeivie o cjie^ax npocTpaHCTBa H ^(^) npn uejibix m > 1 

KoppeKTHO onpe^ejieHbi npn p > 1. 3th npocTpaHCTBa coctoat h3 (pyHKinrH 
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u G H™(fl), fljia KOTopbix 

d d m ' x 
u{x)\ m = -r^u{x)\ an = ■■■ = ——^uix^an = 0, 

r^e n ecTb Hopiviajib k <9f2. B KHiire [4] npocTpaHCTBO H~ m (Vt) onpeflejieHO 
c noMOin;bio "cTpyKTypHOH TeopeMbi". A hmchho, H~ m (Vt) coctoht h3 
pacnpeflejieHHH u(x) G D'(Cl), ^Jia kotopmx cnpaBe^jiHBO npe^CTaBJieHne 

u(x) = Da V«{x), r fl e V a G L p (R n ). (3) 

\a\<m 

Hopiviy b H~ m (Q) mojkho onpe^ejiHTb paBeHCTBOM 

i/p 

\u\\- m! p = inf 

r^e inf SepeTca no BceM V a , ^Jia kotopmx cnpaBe^jinBO npeflCTaBJieHne (3). 
Ilpn Q = W 1 TaKoe onpeflejieHne coBna^aeT c npejKHHM. Ilpn Hen;ejibix s < m 
npocTpaHCTBa H~ s mojkho onpe^ejinTb c noMonrbio HHTepnojianiiH. 

Tenepb bciiomhhm flOKa3aTejiBCTBa TeopeM b CTaTbe [19]. Mto 6mjio 
ncnojiB30BaHO b ^OKa3aTejiBCTBax, Kor^a CI = R n ? Upem^e Bcero, onpe^ejieHne 
npocTpaHCTB H^(R n ) n HopMbi b hhx. Tenepb mm HMeeM TaKne onpe^ejieHHa 

o P 

fljia H p(£l) n H~ s (Cl). ^ajiee, ncnojib30Bajincb Teopeivia BJiojKeHna CoSojieBa 
n HeKOTopbie pe3yjiBTaTbi H3 KHnrn Ma3bn-IIIanoinHHKOBOH (cm. TeopeMbi 6 n 7 
CTaTbn [19]). Ho H3BecTHO (cm. [5], [6]), hto TeopeMbi BjiojKeHna coxpaHaiOTca ,a,jia 

o 

H s (Cl) n H~ s (tt), a ncnojib30BaHHbiH pe3yjibTaT Ma3bH-UJanoniHHKOBOH TaKJKe 
cnpaBe^jiHB fljia rjiaflKon oSjiacTH f2. CjieflOBaTejibHO, ^Jia MyjibTnnjinKaTopoB 
hs H \Q)b H-\Q), a TaK>Ke n 3 H m -^{Q) b H- m+ ^(n), mm HMeeM Taioie >Ke 
pe3yjibTaTM, KaK npn Q = M. n . C(popMyjinpyeM sth pe3yjibTaTM. 

TeopeMa 1. Tlycm-b Q — ZAadnan ozpanunennasi o6jiacmb e W 1 . Ilycmb 

H 2 l {Vt), ecAU n — 1, 
q(x) G ^ if^ e (fi), npu HenomopoM e > 0, ecAU n = 2, (4) 
if" 1 ^), ecAU n > 3. 

Tozda onepamop —A + q(x) KoppeKmno onpedeAen c noMombw Memoda 
KeadpamuuHux gjopM. A UMenno, KeadpamuHHan gjopjua 

(Lu, u) = (V«, Vw) + (q(x),uu), (5) 
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onpedeAeHHdtt npu u G D(Vt), donycKaem 3aMUKanue na H 
nan ceKmopuaAbnan gjopjua (e cjiyuae eemecmeeuHou q(x) — nan 
noAyospaHuueHHaa qjopMa). Cjiedoeamejihuo, cyv^ecmeyem m-ceKmopuaAb- 
huu (noAyospaHuueHHUu) onepamop L e f) = L 2 {VL), accouxiupoeannuu c smou 
cfiopMOU. 3mom onepamop momcho manatee paccMampueamb nan onepamop e 

o 

npocmpancmee = H~ X {V£) c o6Aacmbw onpedeAenun T>(L) = S) 1 = H 
C amou mouKU 3penun L ecmb KOMnanmnoe eo3MymeHue onepamopa Lq = —A 
e c moil otce o6Aacmbto D(L ) = ft 1 , npuueM L uMeem ducKpemnuu 
cnenmp. 

Ecau qk(x) — nocAedoeameAbHocmb SAadnux q^yuKuxiu manux, umo npu k — > 

oo 

\\Qk{x) - q(x)\\-i : 2 — > 0, ecAun—1, 

\\<lk(x) — q(x)\\-i,2+e — > 0, npu neKomopoM e > 0, ecAU n = 2, 
hk(x) - q(x)\\- ljn ^ 0, ecAun>3, 

mo nocAedoeameAbHocmb o6uhhux onepamopoe = —A + qk(x) e S) = 
Z/ 2 (fi) ; nopootcdeuHux ycAoeuHMU JlupuxAe, exodumen e CMUCAe paenoMepnou 
pe30AbeeHmHou cxoduMoemu k onepamopy L. Co6cmeeHHue 3HaneHua 
onepamopoe manwee exodnmen k co6cmeeHHUM 3HaueHUHM \ s onepamopa L, 
npuueM CKopocmb cxoduMoemu ou,enueaemcsi uepe3 \\qk~ q\\-i,p, zdep = 2,2+e,n 
npu n = 1, 2 u > 3 coomeemcmeeHHO. 

JJoKasameAbcmeo. 3Ta Teopeivia ecTb cjieflCTBiie nojiyneHHbix HaMii paHee oSnpix 
pe3yjibTaTOB 06 onepaTopax ii TeopeM o MyjibTimjiiiKaTopax. ^eiicTBiiTejibHO, 
nojiaraeM T = —A b npocTpaHCTBe c oSjiacTbio onpe,a,ejieHiia T>(T) = 

ft 1 . Ecjiii BbinojiHeHO ycjiOBHe (4) TeopeMbi, to h3 TeopeM 6 ii 7 CTaTbii [19] 
(TOHHee, aHajioroB sthx TeopeM ^Jia H s (£l)) nojiynaeM, hto q(x) KOMnaKTHbiii 

o 

MyjibTunjiHKaTop H3 H = ft 1 b H^ 1 ^) = i}" 1 . CorjiacHO TeopeMe 5 

CTaTbH [20], onepaTop T + q aBjiaeTca m-ceKTopiiajibHbiM b f)^ 1 c toh >Ke 
oSjiacTBK), a ero KBa^paTii^Haa (popMa coBna^aeT c 3aMbiKaHiieM cpopMbi (5). 
CorjiacHO pe3yjibTaTaM CTaTbii [19], HMeeM BJiojKeHiie c oueHKoft HopM 

H;\n)dM[H\n),H-\n)}, 

rpp p = 2,2 + e,n npii n — 1,2 h > 3 cooTBeTCTBeHHO. IIosTOMy paBHOMepHaa 
pe30JibBeHTHaa cxo^hmoctb onepaTopoB L n c rjiaflKHMii noTeEmiiajiaMii k 
onepaTopy L ii cxo^hmoctb coScTBeHHbix SHa^eHHH cjie^yiOT H3 TeopeMbi 3 
CTaTbH [19] (ecjiH q(x) Bein,ecTBeHH03HaHHa) hjih h3 TeopeMbi 5 CTaTbH [20] (ecjiii 
q(x) KOMnjieKCHOSHa^Ha) . TeopeMa ^OKa3aHa. □ 
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OSoSmeHne btoh TeopeMbi cnpaBe^jiHBO h ^Jia chjibho sjuinnTHnecKHx 
onepaTopoB b L 2 . 



Teopeivia 2. Ilycmb onepamop L onpedejien paeencmeoM (1), zde Lq 
— paeHOMepHO cujibno SAAunmuuecKuu onepamop c nenpepuenuMU 
Koaaiaiuu^uenmaMU c a ^{x) e o6jiacmu Vt. Ilycmb npu \a\ + \(3\ < 2m 
Kosaiaiuv^ueHmu c a ^[x) maKoeu, umo 



Tozda onepamop L, onpedejiennuu na mecm-aiyHKU^UHX u{x) G D(tt), donycKaem 

' o 

3aMUKanue nan ceKmopuajibnuu onepamop U3 npocmpancmea H = S) 1 e 
npocmpancmeo = (ujiu nan neozpanunennuu onepamop e c 

o6jiacmbK> onpedejiemin T>(L) = S) 1 ). Onepamop L nejinemcH KOMnaKmnuM 
603MymfiHueM onepamopa L , deucmeymu^ezo e moM otce npocmpancmee. 
Ecjiu nocjiedoeamejibHocmu ZAadnux QiynKuuu c k a!3 (x) cxodnmcn k c a ^ e 
coomeemcmeywmux npocmpancmeax m (Q), mo pezyjisipnue onepamopu L^, 
nopootcdeuHue KpaeeuMU ycAoeuHMU J^upuxjie, cxodnmcn k onepamopy L. 

/I,OKa3aTejibCTBO npoBO^HTca TaK me, k&k b npeflbiflymeH Teopeivie. 3^ecb 
fljifl pa3HOo6pa3na mm onpe^ejinM onepaTop I He c noMombio KBa,a,paTHHHOH 



(popMbi, a KaK onepaTop H3 H m (fi) b H~ m (Q). SaMeTHM, hto sto onpe^ejieHne 
KoppeKTHO, t.k. yMHOJKeHHe Ha Tecr-(pyHKii;Hio KoppeKTHO onpeflejieHO b 
coSojieBCKHx npocTpaHCTBax c HeraTHBHMM HHfleKCOM rjia^KOCTH, T.e. b ycjiOBHax 
TeopeMbi Ha KOScpcpninieHTM c a ^{x) mm HMeeM Lu G H~ l {Vl) npn u G D(Q). 
KoHenHO, cy>KeHHe onepaTopa L, ^eiicTByiomero b 1 (SI) , Ha npocTpaHCTBO 
5) = L2iyi) coBna^aeT c onepaTopoM, kotopmh CTaBHTca b cooTBeTCTBHe 
KBa^paTHHHoii (popMe (Lu, u) corjiacHO nepBofi TeopeMe o npeflCTaBJieHHH. 
TeopeMa flOKa3aHa. □ 

2 06o6m,eHHa5i sa^ana HeftMaHa h TpeTta KpaeBaa sa^ana 

B npeflbmyHjeM nyHKTe mm nocTponjin onepaTop — A+q(x) (h ero aHajior ^Jia 
CHjibHO sjiJinnTHHecKoro cjiynaa), OTBeHaionniH ycjiOBHaM ^Hpnxjie Ha rpaHHHe 
oSjiacTH f2. Mm 3aflaeMca BonpocoM: moxho jih nocTpoHTb onepaTop —A + q 
c CHHryjiapHMM noTeHHiiajiOM, KOTopbiii OTBenaeT KpaeBMM ycjiOBHHM HeiiMaHa 
hjih TpeTbeii KpaeBofi 3a^aHe? B stom nyHKTe mm otbcthm Ha stot Bonpoc. 



c a , p G Hl al ~ m {Q) npu \a\ > \/3\, p > max{2, 
G H^ m (n) npu \a\ < \(3\, p > max{2, 



n 



m-\/3\ 




O 
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PaccMOTpiiM CHanajia oflHOMepHbiii cjiynaii: n — 1, Q — (a, b) C M, KOTopbiii 
6biJi H3yneH b CTaTbe CaBnyKa h IIlKajiiiKOBa [7]. IlycTb q(x) G H 2 ~ 1 (a,b), T.e. 
cymecTByeT u(x) G £12(0,, b) Taxaa, hto = q(x) b CMbicjie pacnpeflejieHHii Ha 
(a, 6). IlepenHnieM BbipaxceHne Z(y) = — y" + q(x)y b BH^e 

i(y) = -(y [1I ) / -«(x)yW-« 2 (x)y, 

yW = y' - U (x)y 

(BbipajKeHne yM Ha3biBaiOT KBa3HnpoH3BOflHoii). 

PaccMOTpHM jiHHeaji A/", cocToaniHH H3 aScojiiOTHO HenpepbiBHbix (pyHKHiift, 
fljia KOTopbix yW TaK>Ke aScojiiOTHO HenpepbiBHa. Tor^a ^Jia y G jV Bbipa>KeHHe 
/(y) KoppeKTHO onpe^ejiaeT (pyHKiniio H3 Li, ay' G L2. KpoMe Toro, mojkho 
HHTerpiipoBaTb no nacTSM 

(Z(y),y) = (yWy') - (uy,y f ) - (uy 1 , y) - y^y\ b a . (6) 

Ecjih u(x) — BemecTBeHHaa (pyHKuna, to Bbipa>KeHHe (6) mojkho nepenncaTb b 
BHfle 

(Z(y),y) = (yW y [1] ) - ( M 2 (x)y, y) - y^y\ b a . (7) 
Tenepb bh^ho, hto ecjin nojio>KHTb 

yW(a)=yW(6) = (8) 

HJIH 

= «!/(*), yW(6)= ) 9y(6), (9) 

to BbipajKeHHa (6) hjih (7) onpe^ejiaT KBaflpaTHHHbie (popMbi, KOTopbie 
flonycKaiOT 3aMbiKaHHe b npocTpaHCTBe H 1 (a,b). YTBepjKfleHHe o 3aMbiKaeMOCTH 
3thx (popM cjie^yeT H3 sjieMeHTapHbix ohchok 

\(u(x)y',y)\ + \(u(x)y,y')\ + \ay\a)\ + \Py 2 (b)\ < 

<e||y / || + (e- 1 ||«||i a + M)||y|| 2 , 

r^e e > mojkho b3htb jiioSbim, a M 3aBHCHT tojibko ot a h (3. H3 npoBe^eHbix 
oueHOK BbiTeKaeT: ecjin y G A/", to yM G L 2 (a, 6), a TaKJKe y' G L 2 (a,b). CTajio 
6biTb, M C H 2 \a,b). IiHTepecHO OTMeTHTb cjie,n;yiOHi;HH (paKT; ecjin 

N Q = {yeHl{aMKy)£L 2 {a,b)}, (10) 
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to aScojiiOTHO HenpepbiBHa, T.e. A/o C A/". ^eiicTBHTejibHO, ecjin BbinojiHeHO 

paBeHCTBO 

-y" + q(x)y = f(x) G L 2 

b CMbicjie pacnpeflejieHHH, a y' G L 2j to G L 2 , u 2 (x)y G Li; cjie^OBaTejibHO, 
(y' 1 ')' G Li, hto BjieneT G H\(a, b), T.e. aScojiiOTHO HenpepbiBHa. IIosTOMy 
fljia cpyHKniin H3 Ao KoppeKTHO onpe,n;ejieHM cjie^bi yW(a) h yM(&). CTajio SbiTb, 
c BbipajKeHHeM — y" + q(x)y mm MO>KeM CBH3aTb onepaTop Ljj c oSjiacTbio 

Afu = {yeM\Uj(y) = 0, j = 1,2}, (11) 

r^e Uj(y) — jiHHeimbie (popMbi BH^a (8) hjih (9) (otmcthm, hto mojkho 
paccMOTpeTb h flpyrne KpaeBbie ycjiOBHH, HanpHMep, KBa3Hnepno,zi,HHecKHe: 
y(a) = e ie y(b), yW(a) = e l "yW(&), BaxcHO jihhib, hto6m BbipaxceHne y^y\ b a mojkho 
SbiJio Bbipa3HTb nepe3 y(a) h y(b)). 

H3 npoBe^eHHbix paccyjK^eHHH cjie^yeT, hto KBaflpaTHHHaa cpopivia (Lyy, y) 
onepaTopa Ly 6y^eT 3aMbiKaTbca b npocTpaHCTBe H\(a,b); Sojiee toto, oSjiacTb 
ee 3aMbiKaHH3 6y,a,eT coBna^aTb co BceM npocTpaHCTBOM if 2 (a, 6) (ecjin KpaeBbie 
ycjiOBHa SbijiH BH^a (8) iijiii (9)), a jiiiHeaji Nu 6y^eT njioTeH b H 1 (a,b). 

llocTpoeHHbiH onepaTop Ljj MOJKeT 6biTb Ha3BaH onepaTopoM, 
cooTBeTCTByiomHM "o6o6meHHOH" 3aflaHe HefiiviaHa (b cjiynae ycjiOBiiii (8)) 
hjih TpeTbeii KpaeBoii 3a^,ane (b cjiynae ycjiOBHii (9)). IIosTOMy ^jih nojiyneHna 
KoppeKTHoro onpeflejieHHH onepaTopa Ljj ocTaeTca peniHTb TOJibKO o^Hy 3a,a,aHy: 
doKa3amb ruiomnocmb AuneaAa Nu e npocmpaHcmee H 1 (a,b). Otmcthm, hto b 
paSoTe [7] KOHCTpyKHiia onepaTopoB Ly ocymecTBJiaeTCH no-flpyroiviy. 

^ajibHeHniHH Hani njiaH coctoiit b cjieflyiomeM: npiiBefleHHyio KOHCTpyKinno 
mm peajiH3yeM b MHoroMepHOM cjiynae, a fljia ^OKa3aTejibCTBa njiOTHOCTii 
oSjiacTH onpe^ejieHiiH mm iicnojib3yeM H^eio annpoKCHMannn onepaTopaMii c 
rjiaflKHMii noTeHi^iiajiaMH. 

,Hajiee Sy^eM npe^nojiaraTb, hto noTeHnnaji q(x) yflOBJieTBopaeT ycjiOBHio (4), 
T.e. cymecTByeT BeKTop-cpyHKniia V(x) = (Vi(x), . . . , V n (x)} Taxaa, hto 

(L 2 (f2), ecjin n = 1, 
L 2+e (Jl), npn HeKOTopoM e > 0, ecjin n — 2, (12) 
L n {Q), ecjin n > 3, 

npnneM q(x) = divV(x). BbipajKeHiie C{f) = (—A + q(x))f(x) npe^CTaBHM b 
Bii^e 

£(/) = - div(V/ -Vf)-V- (V/ -Vf)-V- Vf. (13) 
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OneBH^HO, aHajioroM KBa3nnpoH3BOflHoii, onpe,u;ejieHHOH npii n — 1, aBJiaeTca 
BbipajKeHne 

[V]/ = V/ - Vf. 

HnjKe fljia onpe^ejieHHOCTH mbi paccMaTpiraaeM cjiynafi n > 3 (paccyjKfleHiia npii 
n < 3 aHajiorH^Hbi) h orpaHH^HBaeMca nocTpoemieM onepaTopa, OTBe^aiomero 
o6o6iu,eHHOH sa^a^e HeHMaHa 

(Mf-n)\an = (14) 

(ycjiOBne ([V]/ • ft + a(x)f)\dn = 0, r^e a(x) — rjia^Kaa cpyHKBiia Ha dQ, 
paccMaTpHBaeTca to^ho Tax me). CHanajia 3aMeTiiM cjieflyiomee. 

IIpe^jio^ceHHe 3. IJycmb cfiyHKi^ua f G H^^Q) maKoea, nmo £(/) G ^(Jl) e 
CMUc/ie pacnpedejienuu na Vt. Tozda 

Mf G [^/(n+2)]" 

(3dech cmenenb n 03HaHaem n-yto deKapmoey cmenewb coomeemcmeytoineso 
npocmpaHcmea) . B uacmHocmu, KoppeKmno onpedeAen cjied na spanui^e dQ 
<f>yHKV i uu [V]/, npuHadjieMcaiu^uu npocmpancmey 

JJoKasameAbcmeo. Ecjih C(f) G L 2 (fl), to (k&k yxe 6bijio OTMeneHo) BTopoe h 
TpeTbe cjiaraeMbie b (13) npiiHa^JiexcaT npocTpaHCTBy L2 n /( n +2) (Q) 3 ^(Jl). 
Ho Tor^a cjiaraeMoe div[V]/ G L 2 „/( n +2)(^), h, cjie^OBaTejibHO, [V]/ G 
[-^2n/(n+2)(^)] n - yTBep»c,zi;eHHe o cjie,n;e 3toh cpyHKiniii Tenepb BbiTeKaeT H3 
H3BecTHOH TeopeMbi o cjie^ax (cm., Hanpiuviep, [6]). npe^jiojKeHHe ^OKa3aHO. □ 

Tenepb onpeflejiHM onepaTop (3^ecb HH^eKC N 03HanaeT, hto mm 
paccMaTpiiBaeM KpaeBbie ycjiOBiia HenMaHa) cjieflyiomiiM o6pa30M: 

L N f = £(/), 

■ ! , (15) 
T^(Ln) = {/ £ H (Q), C(f) G L 2 , ([V]/ • n)\gn = 0}. 

H3 npe^Jio>KeHHa 3 cjie^yeT, hto sto onpe^ejieHne KoppeKTHO. B CHjiy 
cpopMyjibi TpHHa nojiynaeM, hto KBa^paTii^Haa cpopMa onepaTopa Ln paBHa 

(L N f, f) = (Vf, V/) - (Uf, Vf) - (Vf, Uf). 

IlpoBOfla sjieMeHTapHbie oueHKii (TaKiie me, k&k npii n = 1), nojiyniiM, 
hto 3Ta cpopMa 3aMbiKaeMa, npii^eM oSjiacTb onpe,a,ejieHna 3aMbiKaHiia ecTb 
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no^npocTpaHCTBO b H 1 ^). H3 KJiaccHnecKoii Teopnii H3BecTHO, hto ecjin 
noTeHiniaji q(x) — rjia^Kaa cpyHKHiia, to oSjiacTb onpe^ejieHna 3aMbiKaHHa 
cpopMbi coBna^aeT c 

06o3HaHHM Tenepb f) 1 = H 1 ^), a ft -1 — ^yajibHoe k H l (Q) no OTHOineHiiio 
k CKajiapHOMy npoH3BefleHHio b L/2(£l). Ilpn n — 1 flyajibHoe npocTpaHCTBO 
fp 1 onncaTb JierKO (oho Ha 2 pa3MepHOCTH innpe, He>KejiH if _1 (f2)); npn n > 
2 onHcamie HaM Hen3BecTHO. IlycTb V(x) e (L ra (f2)) n , T.e. BbinojiHeHO 
ycjiOBne (12), h nycTb 140*0 — nocjieflOBaTejibHOCTb (pyHKnnn H3 (_E(f2)) n , 
TaKHx, hto Vk(x) cxoflaTca k V(x) b HopMe (L n (Q)) n . IIojiojkhm qk = divVfc, 
q = div V, npHneivi b nocjieflHeM cjiynae div noHHMaeTca b CMbicjie pacnpeflejieHHH 
H3 D'(Q). Tor^a qk(x) — nocjieflOBaTejibHOCTb (pyHKHHH H3 E(Q), cxo^amnxca K 
q(x) b Hopivie H~ l . 06o3HanHM nepe3 Lk onepaTopbi —A + qk, nopojK^aeMbie b 
npocTpaHCTBe L 2 (Q) KpaeBbiMH ycjiOBnaMn 

(Vf-V k f,n)\en = 0. 

KBa^paTHnHbie dpopMbi (LkU,u) = (Vu,Vu) — (V«, V^u) — (14m, Vw), 
onpe^ejieHHbie Ha V(Lk), ceKTopnajibHbi, npnneivi oSjiacra onpe^ejieHHa hx 
3aMbiKaHHH lk[u] coBna^aiOT c i^ 1 . BBe^eM TaKJKe ceKTopnajibHyio dpopiviy 

l[u] = (Vw, Vu) - (Vu, Vu) - (Vu, Vu), 

onpe^ejieHHyio Ha ft 1 . IIocKOJibKy V G L n (Vt) h 14 — ► V b Hopivie stoto 
npocTpaHCTBa, to HMeeT MecTO cxoahmoctb dpopM lk[u] — > l[u] npn Bcex u e 

IlycTb L — m-ceKTopHajibHbiii onepaTop b fj, acconnnpoBaHHbin c dpopMOH 
l[u] corjiacHO nepBoft Teopeivie o npeflCTaBJieHHH. Tor^a L + p orpaHnneHHO 
oSpaTHM (npn ^ocTaTOHHO Sojibhihx p), h roMeoMopcpHO OToSpajKaeT T>(L) Ha L 2 . 
B flajibHennieM, He orpaHnnnBaa oSihhocth, nojiaraeM L, a TaK>Ke Bee onepaTopbi 
Lk, paBHOMepHO orpaHnneHHO oSpaTHMbiMH. 

IlycTb T = —A + 1 — caMOConpa>KeHHbiH paBHOMepHO nanojKHTejibHbiH 
onepaTop b L 2 , nopojK^eHHbiH KpaeBbiM ycjiOBneivi (V/, n)|an — 0. Tor^a T 
roivieoMopdpHO nepeBO^HT Sj 1 b a T^ 2 TaKJKe roMeoMopcpHO OTo6pa>KaeT S) 1 
b ^° h ^° b Ilpn 3tom onepaTop L ^onycKaeT npe^CTaBjieHne 

L = Tl l2 (A + iB)Tl 12 , 

r^e A — nojio>KHTejibHO onpeflejieHHbin orpaHnneHHbiH, a B — 
caMOConpa>KeHHbiH orpaHnneHHbiH onepaTop b Tenepb, no aHajiornn c 
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TeopeMOH 3 CTaTbii [19], nojiynaeM, hto onepaTopbi L k cxo^aTca k L b CMbicjie 
paBHOMepHoii pe30JibBeHTHon cxo^hmocth. 

JJf>KayKeM, hto onepaTop L n onepaTop Ln, onpeflejieHHbin b (15), coBna^aiOT. 

3acpHKCHpyeM g G L 2 (Q) n nojio>KHM / = L _1 g. IIo KBa,a,paTHHHOH 
cpopivie onepaTopa L o,a,H03HaHHO BoccTaHaBjiiiBacTcs SnjinHeiiHaa cpopivia Ha 
f) 1 x ft 1 , nosTOMy fljia npoH3BOJibHoii (pyHKnnn ip G D(Q) BbinojiHeHO (Lf,ip) = 
(V/,Vp) - (V/,Vp) - (Vf,V<p). C fl pyroii cxopoHbi, £(/) / G 5) 1 

onpe^ejieHO b CMbicjie pacnpe,a,ejieHHH Ha f2, n fljia / G f) 1 h G no 
cpopiviyjie TpHHa TaK>Ke hmggm 

(L(f), ip) = (V/, Vy?) - (V/, Vip) - (F/, Vy?) = (g, ip). 

IlosTOMy L(f) G L 2 (^l). H3 npe,a,Jio>KeHHa 3 cjie^yeT, hto oSoSmeHHbin rpa^neHT 
[V]/ npHHa^jiejKHT npocTpaHCTBy #271/ (n+2) 11 HMeeT cjiefl Ha rpaHnne. 

IlycTb Tenepb f k = L^g. H3 pe30JibBeHTHon cxoahmocth cjie^yeT, hto f k — > / 
b HopMe i} 1 . ^OKa>KeM, hto V fk — Vkfk [V]/ b HopMe H\ n ,, +2 y Tor^a H3 toto, 
hto (V 'fk-Vkfk)-n = 0, 6y^eT cjie^OBaTb, hto (Vf-Vf)-n = 0, T.e. / G V(L N ). 

llocKOJibKy L k f k = g n L N f = g, to 

= L N f- L k f k = - div(V/ - y/ - (V/ fc - - V{Vf - Vf- 

- (v/ fc - v^/ fc )) - - v fc )(v/* - vy fe ) - (\/ 2 - v; 2 )/. 

Henocpe^CTBeHHO npoBepaeTca, hto b nocjieflHeivi Bbipa;a<:eHHH Bee cjiaraeMbie, 
Kpoivie nepBoro, cxo^aTca b Hopivie npocTpaHCTBa L 2n /( n +2)- Tor^a h nepBoe 
cjiaraeMoe cxo^HTca b stoh >Ke HopMe, a nosTOMy Bbipa>KeHHe (V/ — V f — (V/& ~ 
Vkfk)), Haxoflameeca no,a, div, cxo^HTca b HopMe H 2n ^ n+2 y 

HTaK, / G V(Ln). Ecjih g npoSeraeT Bee npocTpaHCTBO L 2 (Q), to / npoSeraeT 
Bee T>(L). IlosTOMy T>(L) C V(L N ). II3 ceKTopnajibHOCTH onepaTopa L N h m- 
ceKTopnajibHOCTH L Tenepb cjie^yeT, hto L = L. 

TaKHM o6pa30M, mm flOKa3ajin cjie^yioinHH pe3yjibTaT: 

Teopeivia 4. JJycmb <pyHKV,UH q(x) manoea, umo eunoAneno ycAoeue (4). 
Tosda onepamop KoppeKmno onpedeAen gjopMyAou (15), npuneM eso o6Aacmb 
onpedejiemiH V(Ln) nAomna e H 2 (£V). B cAyuae eeu^ecmeeHHOcmu gjyuKi^uu q(x) 
onepamop HeAHemcn caMoconpnwceHHUM u noAyozpanuueHHUM, npuneM npu 
docmamouHO 6oAbiuux p o6Aacmb T>((L^ + p) 1 ^ 2 ) coenadaem c H^Cl). 
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3 AcHMirroTHKa coScTBeHHwx 3HaneHHH onepaTopoB Lp u 

L N 

IlycTb < p < 1, a T — paBHOMepHO nojiOKHTejibHbiii caMOConpa>KeHHbiH 
onepaTop b OnepaTop Q Ha3biBaiOT p-no^HHHeHHbiM onepaTopy T, ecjin 
V(Q) C V(T p ), npnneM 

| (Qx, x) | < C(T p x, x) Vx G V{T P ) , 

r,n;e nocToaHHaa C He 3aBiicnT ot x. 

J\jih p-nofl^HHeHHbix onepaTopoB H3BecTHbi TeopeMbi o coxpaHeHHH rjiaBHbix 

HJieHOB aCHMnTOTHKH C06CTBeHHbIX 3HaHeHHH H O CBOHCTBaX 6a3HCHOCTH 

coScTBeHHbix (pyHKi^iiii. Teopua no^HHHeHHbix onepaTopoB pa3BHBajiacb 
A. C. MapKycoM, B. H. MauaeBbiM, B. 3. KainiejibcoHOM, M. C. ArpaHOBiineivi, 

A. A. LQKajIHKOBblM h flpyrHMH. 

IIojiojkhm T = —A b npocTpaHCTBe i] = -^ 2 (fi) (fi — orpaHiraeHHaa rjia^Kaa 

o 

oSjiacTb b R ra ) c oSjiacTbio T>(T Q ) = H 2 (Vl)C\H C onepaTopoM T cB33biBaeM 
niKajiy rnjibSepTOBbix npocTpaHCTB ft 9 , 9 el, npiineM 
ft' 1 = H-\Q). 

JleMMa 5. llycmb q(x) ecmt MyjibmuruiuKamop us npocmpancmea S) 9 e 
npocmpaHcmeo fy~ 9 npu ueKomopoM < 9 < 1 (6ydeM nucamb q(x) G M[9,Q]). 
Tosda onepamop "yMHOotcemm" na gjyHKyuto q(x) HejinemcH 6 -nodnuneHHUM 
onepamopy T . 

JJoKasameAbcmeo. C(popMyjiHpoBaHHoe jTBepm^enme aBjiaeTca jihhib 
nepecppa3HpoBKOH iiohsthh. KaK h paHee (ho pjin cjiynaa npocTpaHCTBa 
IR n ), mm CHHTaeM, hto q(x) G M[9,Q], ecjin 

\(qf(x),g(x))\<C\\f\\ e \\g\\ e f,geD(Q). 

riojiaraa b stom HepaBeHCTBe / = g h npHHHMaa bo BHHMaHne, hto = 
||T e / 2 /|| (corjiacHO onpe^ejieHHio niKajibi npocTpaHCTB), nojiynaeivi 

\(qf(x),f(x))\ < C\\T 9 / 2 f\\ 2 = C(T 9 fJ), f G D(Q). 

SaivieTHM, hto D(Q) njiOTHO b Sj 1 , h, TeM Sojiee, b $) 9 npn 9 < 1. IIosTOMy 
nocjie^Hee HepaBeHCTBO pacnpocTpaHaeica Ha / G ft 9 , TeM Sojiee, Ha / G V(T 9 ). 
JleMMa flOKa3aHa. □ 
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Teopeivia 6. IJycmt q G M[9, Q] npu HenomopoM 9 < 1. Flycmb N(X,Lr>) 
— aiyuKu^un pacnpedeAenuH co6cmeeHHUx 3HaueHuu onpedeAeunozo e n.l 
onepamopa Lo = — A + q(x). Tosda npu r — > oo cnpaeedAuea aciiMnmomuKa 

N(r, L D ) = {2n)- n u)r n ' 2 + 0{r n ' 2+e - 1 ) + 0{r^ n -^ 2 ), (16) 

g(9e iq — o6zeM o6Aacmu O C 1". 5 Hacmnocmu, npu n > 2 sma cfiopMyAa 
cnpaeedAuea, ecAU q(x) G H~ e (Q) npu p > n/9. 
B CAyuae n = 1 aiopMyAa (16) cnpaeedAuea npu 

H^\n), ecAU 1/2 <9 < 1, 

g(x) G <( H-%Q), p > n/9, ecAU 0<9 < 1/2, (17) 
Hp 1/2 {Q), p>2, ecAU 9 = 1/2. 

HaKoueu,, ecAU aiynnu^uH q(x) manoea, umo 

H 2 1 {Vl) , ea/m n = 1, 

q(x) G <( Hp 1 ^), p>2, ecAU n = 2, (18) 
H, I ^ 1 (Q,) , ea/m n > 3, 



mo 



N(r,L D ) = (2n)- n ur n/2 (l + o(l)), r -> oo. (19) 



JJoKasameAbcmeo. QyHKUiia pacnpe^ejieHHa coScTBeHHbix 3HaHeHHii onepaTopa 
To = —A, nopo>K^i,eHHoro KpaeBbiM ycjiOBHeM ^iipiixjie, HMeGT aciiMiiTOTHKy (cm. 
HanpHMep, [8]) 

N(r, T ) = (2ny n ur n/2 + 0(r (n ~ 1)/2 )), r -> oo. (20) 

Bojiee Toro, h3bcctho [8, IV], hto npH HeKOTopbix ,o,onojiHHTejibHbix ycjiOBiiax Ha 
oSjiacTb f2 ocTaTOK 0(r^ n_1 ^ 2 ) MCc«eT 6biTb yTOHHeH: oh paBeH /w( n-1 )/ 2 (l+o(l)), 
r^e h = const. 

H3 jieMMbi 5 h TeopeMbi MapKyca-MauaeBa [9] (cm. TaKJKe [10]) nojiynaeM, 
hto pjin (pyHKn,HH N(r, Lr>) B03MymeHHoro onepaTopa Ld = Tq + q cnpaBeflJiiiBa 
on,eHKa 

\N(r, T ) - N(r, L D ) \ < C(N(r + cr\ T ) - N(r - cr\ T )), 

r^e Cue — HeKOTopbie KOHCTaHTbi. YnHTbiBaa (20), nojiynaeM, hto npaBaa 
nacTb nocjieflHero HepaBeHCTBa ^onycKaeT oueHKy < C(r n / 2+6l_1 ) + Cr^ n_1 ^ 2 . 
3to BJieneT oueHKy (16). 
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BTopoe yTBepjKflemie TeopeMbi (o ^ocTaTOHHOM ycjiOBim npiiHa,r;jie;>KHOCTii 
q(x) G M BbiTeKaeT H3 pe3yjibTaTOB paSoTbi [18] (kbr yjxe roBopiuiocb 

b n.l, pe3yjiBTaTbi, nojiyneHHbie npn f2 = M n , nepeHOcaTca Ha cjiynan 
orpaHH^eHHoii rjia^KOH oSjiacra f2, ecjin mm hmcgm ^ejio c 3a,a,aHeH ^HpHxjie). 

HaKOHen,, ecjiH BbinojiHaeTCfl ycjiOBHe (18) (sto OTBenaeT cjiynaio 9 — 1), to 
onepaTop Lp = —A + q(x) aBJiaeTca OTHOCHTejibHO KOMnaKTHbiM B03MymeHiieM 
To, a Tor^a (popiviyjia (19) cjie^yeT H3 TeopeMbi M. B. Keji^binia (cm. [11, rji.l]). 

□ 

Cjie^CTBHe 7. Ecjiu yc/ioeue meopeMU 6 eunojineHO npu 9 < 1/2, mo 

N(r, L D ) = (2vr)- W n/2 + 0(r (n ' 1)/2 ), (21) 

m.e. ocmamoK ocmaemcH manuM wee, nan 3ah onepamopa JIaruiaca c ycjioeueM 
flupuxjie. 

^OKa3aTejibCTBO BbiTexaeT H3 (16) h HepaBeHCTBa n/2 + 9 — 1 < (n — l)/2, 
ecjinfl>l/2. □ 

Tenepb 3aiiMeMC5i BonpocoM o pacnpe,n;ejieHiiii coScTBeHHbix SHaneHiiH 
nocTpoeHHoro b n.2 onepaTopa L^, OTBenaioiHero o6o6ni;eHHOH 3a^ane HefiMaHa. 

06o3HanHM nepe3 T/v onepaTop Jlanjiaca c KpaeBbiM ycjiOBiieM HeiiMaHa, h 
nepe3 Ln — ero B03MymeHHe noTeHiniajiOM-pacnpe,i],ejieHHeM q(x). HMeeM 

(L N u, u) = || Vwf - (Vu, Vu) - (Vu, Vu), u G V(L N ). 

Ecjih noTeHiniaji q TaKOB, hto BbinojiHeHbi ycjiOBHa TeopeMbi 4, to 

\(Vu,Vu)\ < e\\Vu\\ 2 + C\\u\\ 2 , 

a noTOMy ecTb KOMnaKTHoe B03MymeHHe onepaTopa Tjy. IlocKOJibKy rjiaBHbin 
HJieH aciiMnTOTiiKii coScTBeHHbix 3HaHeHHH h oueHKa ocTaTKa fljia onepaTopa Tjv 
TaKiie me, k&k ^Jia onepaTopa T , to b ycjiOBiiax TeopeMbi 4 c noMonrbio TeopeMbi 
Kejiflbiina nojiynaeM 

N(r,L N ) = (27r)-W n/2 (l + o(l)), r -> oo. (22) 

J\jih nojiyneHiia aHajiora yTBep>K^i,eHii3 TeopeMbi 6 Hy>KHO HaiiTii vcjiobiisi Ha 
(pyHKHiiio V(x), npn HeKOTopbix cnpaBe^jiHBa oueHKa 

\(Vu,Vu)\ <C\\u\\ 2 e , 9<1, (23) 
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r,n;e C 3aBHCHT tojibko ot V h 9, a || • \\g — Hopivia b OneBH^HO, HMeimo 

TaKaa oueHKa rapaHTiipyeT ^-no^HHHeHHOCTb onepaTopa onepaTopy T/v b 
CMbicjie KBa^paTH^Hbix (popM. 

KoHe^HO, Hecjio>KHO nojiy^HTb rpySbie flocTaTOHHbie ycjiOBiia Ha cpyHKipiio 
V(x), npn KOTopbix BbinojiHaeTca oueHKa (23). Ho Hania rnnoTe3a coctoht b 
tom, hto 3Ta oueHKa BbinojiHaeTca b ycjiOBiiax TeopeMbi 4. 3^ecb mm npHBe^eM 
^OKa3aTejibCTBO stoh rnnoTe3bi TOJibKO npn 9 < 1/2. 

,I[eHCTBHTejibHO, corjiacHO TeopeMe TpHBapa (cm. [12], h [6, rji.5]) hmcgm, hto 
npn 9 < 1/2 coBna^aiOT HHTepnojiaipioimbie npocTpaHCTBa 

[H l(n\L 2 (n)} e = [// 2 1 (Q),L 2 (Q)] e =: H e 2 (il). 

o 

IloCKOJIbKy npOCTpaHCTBO OCHOBHblX CpyHKHHH D(Q) nJIOTHO B H 2(^)1 T0 D(Q) 

TaioKe njioTHO b H®{VL) npn 9 < 1/2. Cjie^OBaTejibHO, b stom cjiyuae ,a,ocTaTOHHO 
^OKa3aTb on,eHKy (23) ,a,Jia u G D{Vt). Ho fljia TaKHx cpyHKHHii u hmcgm 
(Vw, Vu) = (u,qu), r^e q = divV. TaK KaK hopmm ||T 9/ ' 2 'u|| h \\u\\g npn 9 < 1/2 
SKBHBajieHTHbi, to oueHKa (23) BbiTeKaeT H3 jicmmm 5. TeM caMbiM mm flOKa3ajin 
cjieflyiomHH pe3yjibTaT: 

Teopeivia 8. Tlycm-b (ftyuKv^usi q(x) noduuHena ycAoeuw (18). Tozda 
3ah tfiyHKVtUU pacnpedeAenuH co6cmeeHHUx 3HaueHuu N(r,Ljy) eunoAHeno 
coonmoiueHue (22). Ecjiu Mce q(x) e H~ 6 (Q) npu p > n/9, 9 < 1/2, mo 
cnpaeedAuea cfiopMyAa (21). 

4 CBOHCTBa C06CTBeHHbIX CpyHKLJHH OnepaTOpOB Ljj H L^v 

Ecjih cpyHKuua q(x) BemecTBeHHa, to nocTpoeHHbie onepaTopbi Ln h Ln 
aBJiaiOTca caMOConpajKeHHMMii, a noTOMy hx coScTBeHHbie (pyHKUHH, corjiacHO 
TeopeMe THJibSepTa-HlMnflTa, o6pa3yeT opToroHajibHbiii 6a3nc npocTpaHCTBa 
L 2 (fi). KoHenHO, 3to He TaK, ecjin q(x) — KOMnjieKCHMH noTeHunaji. O^HaKO 
npn BbinojiHemiH ycjiOBHa (18) onepaTopbi Lp h L/v aBjiaiOTca OTHOCHTejibHO 
KOMnaKTHMMH B03Myin,eHH3MH caMOConpajKeHHbix onepaTopoB To h Tjv , a noTOMy 
cncTeMa hx coScTBeHHbix h npHCoeflHHeHHbix cpyHKH^HH, corjiacHO TeopeMe 
Kejiflbinia (cm. [15], [13, rji.III]), Sy^eT o6pa30BMBaTb nojiHyio CHCTeMy (3^ecb 
mm yHHTMBaeM, hto onepaTopbi T _1 h T^ 1 aBjiaiOTca onepaTopaMH KOHeuHoro 
nopa^Ka, T.e. onepaTopbi T _fc h T^ k aBjiaiOTca a^epHMMH npn ^ocTaTOHHO 
SojibHiOM k). ,Hjih ^-noflHHHeHHbix onepaTopoB npn 9 < 1 mojkho yTBepjK^aTb 
Sojibniee. 

JX&Jiee flJIH npOCTOTM H3JIO}KeHHH Sy^eM CHHTaTb, HTO npHCOe^HHeHHMX 

(pyHKn,HH y onepaTopoB Lp h Ljy neT. HanoMHHM onpe^ejieHne 6a3Hca rjih 
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cyMMiipoBamia MeTOflOM ASejia, npHHafljie^Kanniii B. B. JIiiflCKOMy [14]. BiycTb 
{yk}T — cncTeivia coScTBeHHbix (pyHKuiiii onepaTopa A, fleftcTByiomero b 
npocTpaHCTBe $), a {zk}^° — SnopToroHajibHaa cncTeivia (corjiacHO TeopeMe 
Kejiflbiina [15], Taxaa ciiCTeMa cymecTByeT pjisi jiioSoro onepaTopa A 
c ^HCKpeTHbiM cneKTpoivi). CncTeivia {yk} o6pa3yeT 6a3nc ,a,jia MeTo^a 
cyMMiipoBaHiia ASejia nopa^Ka a > 0, ecjin pafl 



cxo^HTca npn Bcex t > h / G S) (nocjie bo3mojkhoh paccTaHOBKii ckoSok, He 
3aBHcain,eH ot t h /), npiineM \\f(t) — f\\ ^ npn t — > +0. 3flecb BbiSiipaeTca 
rjiaBHaa BeTBb cpyHKiniri X a (nojioxciiTejibHaa npn A > 0) c pa3pe30M no 
OTpimaTejibHoft och. 

CcpopMyjinpyeM Tenepb pe3yjibTaT o nojiHOTe h 6a3iiCHOCTii coScTBeimbix 

(pyHKU,HH. 

Teopeivia 9. Tlycm-b q(x) maKoea, umo eunoAneno ycAoeue (18). Tozda cucmeMU 
co6cmeeHHUx u npucoeduneHHUx aiyHKU^uu onepamopoe Lp u o6pa3ywm 
noAHyto cucmeMy e L 2 (il). BoAee moso, smu cucmeMU o6pa3ytom 6a3uc 3ah 
Memoda cyMMupoeanun A6eAH nopndKa a > n/2. IJpu donoAHumeAbnux 
npednoAOMcenuHX nopndoK cyMMupoeanun mochcho nonu3umb. A UMenno, ecAU 



npu n = 1, mo cucmeMa co6cmeeHHUx u npucoedunennux aiynKuiiu onepamopa 
Ld o6pa3yem 6a3uc 3ah Memoda cyMMupoeanun A6eAH Ato6oso nopndKa a > 
— — (1 — 6). B cAynae 9 < 1/2 manoe Mce ymeepwcdenue cnpaeedAueo 3ah 
cucmeMU co6cmeeHHUx u npucoedunennux aiynKu^uu onepamopa L^. 

,H,OKa3aTejibCTBO nepBoro yTBepjK^eHHa o nojiHOTe yjxe Sbijio npoBe^eHO. 
,HoKa3aTejibCTBO BToporo yTBep>KfleHHa BbiTexaeT H3 TeopeMbi JIiyjCKoro [14] 
c yneTOM ^onojiHeHHH k stoh TeopeMe, c^ejiaHHbix MauaeBbiM (cm. [16]), 
h LQKajiHKOBbiM [17]. HaKOHen;, nocjieflHee yTBep>KfleHHe cjie^yeT 113 TeopeM 
MapKyca-MauaeBa-ArpaHOBirqa (cm. [10]). □ 
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